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S«etlo&  Z 

lOTRODUCTIOH 


HietorlogJ.  'So%^^ 

The  sigaif ie«2xe«  of  loa  •occhange  has  far  ezoe«d«d  any  prediction* 
that  could  hare  !)•«&  oad*  vfa«n  it  was  first  o'bserred  "by  J.  ThoMul  Vay  im 
1850.       Way  found  tiiat  certain  soils  had  the  ability  to  ahsorh  the  ions 
present  in  soluWe  fertilisers,  eMag-ap^  in  tura,  ions  already  present 
la  the  soil.    Wiile  this  discoreiy  vas  of  great  iaiportaace  in  the  study 
of  soils ,  it  has  led  to  a  rariety  of  triplications  in  indxistry  and  re- 
seareh  that  eoopletely  orershadov  its  original  significance. 

fhe  first  industrial  plication  of  ion  exchange  vas  aade  possi- 
ble early  in  the  twntieth  centtury  when  natural  and  artificial  zeolites 
(altuninosilicates)  vere  found  applicable  as  water  softeners  "by  Oans.^ 
This  marked  the  "beginning  of  a  period  of  intensire  research  in  the  de- 
velopment of  new  and  "better  cation  esrahange  substances,    iaong  these 
new  substances,  sulfonated  coals  and  synthetic  resins  were  outstanding, 

fhe  first  extension  of  ion  exchange  study  to'  include  anions  ai^^ 
be  credited  to  the  work  of  Adams  and  Holaws  in  1935.^   In  addition  to 
producing  synthetic  cation  exchange  substances,  they  dereloped  a  resin 
capable  of  exchanging  anions  by  means  of  the  condensation  of  polyaainee 
with  fonaaldehyde.    It  was  then,  for  the  first  time,  that  ion-free  water 
could  be  obtained  without  resortix^  to  distillation. 


i 

She  Aiseovvry  of  Adams  and  Relates  led  to  the  prodnetiea  of  ethftv 
re«lB«  trm  tmiM»  and  forxmldebyda  "by  Eirlq^atrie^^  and  others,  drk— 
patrlde  ••looted  ^-pheasrlenediaBiae  at  a  r«Mitaat.    Ib  thi^  ease,  the 
gel  produced  was  hrokaa  xcp  azid  dried  at  115®C.  to  redaee  Ite  solu'bility 
la  water.    Other  aronatic  asiizies  were  esiplojred  in  thle  condeneatioa, 
tmoae  thes,  aniline,  n^toluldlne,  and  •ya.  g^xsrlldine.^*^*'^   It  was 
fooad  that  all  resins  so  prodxioed  were  wealdy  haslo,  and  therefore  ia^* 
capable  of  reaoring  certain  anions  from  solution.    In  order  to  enhane* 
this  hasloity,  substituted  groups  were  es^loyed,  such  as  methgrl,  ethjl, 
crasto,^^  phenolic  hydrosyl,  H-vuhstltuted  allqrlene,  hydrazine,^  and 
others,    iaioa  exchanging  resins  vmn  also  produced  hgr  other  aldehyde 
condensations  with  XBelaidne  ,^  *^  polyaUqrlene  polyaaines  gnanldine 
derlTatires,^'' netlqrlel-fonilne  jiienols,  and  noa-aroatatio  anines  with 
at  least  one  hydrogen  atoa  on  the  nitrogen  atoji.^   Farther  work  inrolr- 
iag  the  heating  of  hydroearhoa  dihalides  with  aimoaie  ia  a  ^osed  veee^l 
produced  aatiafaotory  exchange  resins,'^ 

jbnong  the  siost  hasie  anion  exdbange  resins  on  the  aartat  at  pres. 
ent  are  Haldte         aM  Aaherlite  ISA  kOO.^  Polytetraallyl  asmoniua 
hroalde  and  other  polyquatemary  asaaoniua  halides ,  produced  in  these 
laboratories,^  eoi^are  farorahly  with  these  cos&nercial  polyaers  la 
hasidty  Imt  iuam  lever  ion  exchange  oi^acltiee  per  unit  rolxae.  These 

(a)    A  product  of  National  Aluadnate  Corp.,  Chicago,  111. 

(h)    A  product  of  The  Beslaous  Prodsiots  and  Gheaieal  Co. , 
Philadelphia,  Pa.  . 


r«tia«  vare  wbA»  tn^  th*  ]MiMzid«>oataiy«6d  polyavxisAtloa  of  -asaaturat- 
•d  qoatemaxy  asatoaitaa  halidos.    Th»  r*slns  were  "broken  ts$  Into  groaolet 
Iqr  leadbdag  vlth  hot  vater  aad  v»r«  dried  at  lOO^C. 

Anion  exehaage  resin*  have  found  nany  tn^wrtaat  laftuatrlal  uses 
in  addition  to  the  porifieation  of  vater.    Aaong  these  are  the  reeovezj 
of  Mtale,^9»^  the  recovery  of  tartrates  fro»  grape  wastei,^*  aad  the 
naaufacture  of  dextrose.    Sxoelleat  discussions  of  the  progress  end  appXi> 
oatioas  of  anion  exehaage  aagr  "be  found  in  Industrial  and  BnpAneeriag 
Chemistry.'^  »^ 

A  hrief  dismxssioa  of  the  physical  maSse-tip  of  the  resia  particle 
It  eoasidered  la  order  here.    It  is  heliered  that  this  particle  consists 
•f  a  large  netwoi*  of  long  chain  polymer  uaite ,  tied  together  la  three 
tlMMUions  hy  crosslinkiag.    The  bydroayl  fora  of  the  particle  has  hgr- 
drosgd  grot^s  associated  with  each  active  atoa  (nitrogea).    Wxm  this 
particle  is  wet,  swelling  occurs,  extending  the  size  of  the  structure 
«•  f ar  a«  erossliaking  pendts.    The  hydrosyl  ions  are  then  ahle  to  aove 
freely  withia  the  particle  and  around  its  ijanediate  periphery.    The  ions 
cannot  adgrate  away  froa  the  particle  entirely^  since  they  are  held  hy 
the  electrical  charge  of  the  imrtide.    Thus,  in  rffect,  a  layer  of  hy- 
droagrl  ioas  is  always  preseat  oa  the  surface  of  the  particle.  This 
concept  has  heea  euhstaatiated  hy  the  work  of  Jenay,^^  idio  fouad  that 
the  finely  divided  hylroxyl  fora  of  the  resin  could  he  loade  to  give  a 
IH  increase  when  stirred  arouad  a  glass  e^eetrod*. 


S*    Stateaont  o£  Problem 

Tha  absence  of  asloa  exchange  resins  of  hi|^  basicity  led  Batler 
and  »inch^*^  to  investigate  the  polymerisation  of  various  unsaturated 
foatexsiaxy  anDonitoi  eoii^Kmnds  with  peroxide  catalysts.    Riey  succeeded 
in  preparing  resiiui  capable  of  operating  in  a  pH  range  of  11  to  12, 
but  baring  capacities  no  greater  than  0.^(0  sdllieqiaiTalents  of  aaim 
per  Bdlllliter  of  wet  resin.    Zt  was  believed  1^  this  observer  tb&t  thii 
lov  capacity  was  caused  la  part  by  the  relatively  low  density  of  the 
retia  particles. 

With  this  in  ▼lew,  this  investigation  was  directed  toward  prodoo- 
ij^  resins  of  hi^ier  capacity  by  xise  of  halogsaated  quaternary  aanaonitoi 
halides  as  mononers  snd  by  Taxyiag  the  conditions  and  methods  of  polymr^ 
isatioa. 

Squree  gjd  Purification  ^  Reactants 

Bie  diallylaadne  and  diehloropropenes  used  in  this  work  for  the 
preparation  of  unsaturated  tertiary  anines  vere  obtained  froa  Shell 
eheaieal  Coapaay.    The  dlallylaalBe  vas  used  as  received,  but  the  2,> 
diehloropropene-1  vas  fractionated,  recovering  the  fraction  boiling  la 
the  range  of  93-95*0.    Ihe  1 ,3-dichloropropene-l  was  fractionated  to 
separate  the  els  and  tjrans  isoners.    The  cis  isoner  boiled  in  the  range 
of  103.5-1(A'.5*C. ;  the  trans  isoner,  in  the  range  of  IIZ-US'^C. 

The  piperidine  was  obtained  froa  Sastmaa  Kodak  OoaQ>a]iy,  aM  the 
asrpholine  froa  Carbide  and  Carbon  Cheaical  Company,    loth  were  ueed 


without  furthsr  porlfleatloix*    Che  allyl  'bromide  vas  a  product  of  Sov 
Chealcal  Co^pazgr  and  was  used  without  fractionation.    Tht)  tertiary 
tnityl  hydroperoxide  vaa  olitaloed  at  »  60/fi  soXutioa  froa  Union  Bay  State 
Coapaqf. 

B .    General  Reaarfci 

All  amines  prepared  Iierein  vere  fractionated  throu^  a  2  x  82  ea. 
heated  ooltonn  paokaed  with  Haechig  rlaee.    The  pot  heat  me  applied  "by 
Mane  of  Olas-^Ool  heating  ineatlee.    Teii5)eraturee  recorded  are  uncorrected. 
Preeeures  lover  than  atsotpherie  irer«  d«texnined  by  meana  of  a  ZiBaerll 
Qantge. 

Densities  were  detexadned  hy  means  of  a  calibrated  10  al.  Klmhle 
specific  grarity  "bottle,  equipped  with  a  etamdard  taper  themometer. 
HefractiTe  indexes  were  found  hy  use  of  an  Abhe  Befraetoaeter.  Ihese 
two  physical  constants  v«re  deterained  at  25*  0. 


Section  IX 

itf    Crenairal  13l8eu.aslo|i 

It  WBi  necessary  to  prepare  tmsatcapated  tertiary  amlnee  as  later- 
Mdlates  for  the  preparation  of  the  qrxatenxary  asnonlxm  coapoasds.  Two 
■ethods  vere  used:    The  aaooatuB  I^ydroxlde  synthesis  and  the  M^boA 
described  V  Vlllson  and  tftxeeler,     as  modified  hy  Batler  and  Bunch.'' 
Ihe  foaMr  nethod  vas  need  to  prepare  aslnes  with  three  llke-gronps  oft 
the  nitrogen  atoa,  iddle  the  latter  method  vas  a^iplloable  vhen  appropri- 
ate secondary  eatUMs  were  avail&hle. 

Awnanltaa  Hydroxide  Synthesey, 

X.  General 

fhls  method  was  used  for  the  preparation  of  trlallyl  aadne  (pre- 
Tiously  reported)  and  tri.(2~ehLoroallyl)  aaalne.    Asoonlun  hyirozlde 
a  larfie  exeess  orer  the  theoretical  reqoireiBent  —  was  added  to  a  two-liter, 
thx^e-neeked  flask  eqalpped  with  a  loeduaiioal  stirrer,  cold  water  reflxtx 
oostdenser,  and  addition  funasl.    Safflolent  water  was  added  so  that  the 
soluhllity  of  a&saonla  in  water  at  lOO^C.  was  not  exceeied.    The  flask 
was  then  heated  to  70-lOO^C.  and  the  appropriate  hallde  added  dxopwlse 
with  rigorous  stirring.    After  addition  of  the  hallde  had  heen  eoapleteA, 
the  stirring  and  heating  were  eontinned  for  3-10  hotirs.    After  this  period, 
the  flask  was  cooled  and  the  aBdnes  were  salted  oat  hy  laeans  of  the 


aMltloa  of  solid  so&im  hydroxldo.    tt  was  fouad  aacosaary  to  cool 
the  reaetloa  ctasB  ia  aa  ie«  1)&th  dariae  this  saltiag  out  proeoss.  Tim 
aaiae  layer  vas  reBored  T>y  laoaas  of  a  oeparatOTy  funnel,    Sttm  dls- 
tillatloa  aad  suTiseqaent  saltiag  out  of  the  distillate  did  aot  pro^e 
profitable,  Binoe  virtoally  all  of  the  aadae  was  remored  lay  the  first 
addltloa  of  sodttm  Iqndroxlde,    fhe  lapore  amine  vas  dried  oremi^t 
orer  solid  sodituB  h;rdroxide  and  fraotlomted. 

A  heated  colxom,  2  x  82  c». ,  equipped  with  sa  insolatlae  Ja«ilc- 
et  aad  oolxiaaii  thersKNMSter  aoad  packed  with  Basehi^  riags ,  was  used  for 
the  fraetioaatioa.    The  srera^  reflux  ratio  used  was  1:10,  with  the 
colTBua  te:i>erature  withia  fire  degrees  of  the  head  teoperatore.    A  pot 
tlMueiBoaeter  was  eaployed  so  that  orerheatiag  of  the  prodxiet  could  he 
afoULed.   To  fur^r  redoee  deeoapositloa,  the  distillatioa  pressure 
was  reduced,  idtea  aeoessary,  so  that  the  hoiliag  points  of  oost  of  th» 
aaiaes  fell  helov  100^0. 

fhe  procedure  outliaed  aliOT*  ht/i  the  disadvaataee  of  prodnoiaf 
pitesaqr  aidaes,  secoztdaxy  aaiaes,  aad  [it  is  presuned]  soae  quateraazsr 
aaaoaium  ooatpotoids  as  l^r-products.   Howerer,  reasonably  hi^  yields  of 
the  tertiary  asdaes  were  ohtalaed.    la  soae  cases,  the  'by-products  of 
the  reaction  were  useful  ia  other  syathetM. 

She  physical  constants,  iMlar  refractions,  analyses,  bhA.  yields 
of  the  tertiaxy  aaiaes  produced  by  this  sethod  of  synthesis  aay  he  found 
la  fa'bles  I  and  IX,  following  the  esperioental  section. 


8yniha«l>  of  grlallarl  Aednat 

CH2=CH— CHg 

A  lalxtur*  of  273.6  g.  of  conc«itrat©4  ajmaonim  liydroxldt  and 
1050  aX.  of  water  wa*  add«d  to  the  reaction  flaslc  anA  he&t«d  to  75-80°C. 
vlth  sa  aleetrleal  heating  rumtle.    The  solution  vae  stirred  ri^TcnxMly 
vltbt  a  aeohanical  stirrer  dxuriag  the  dz^pvise  addition  of  3^3  §•  (3 
Mlet)  of  allyl  'bromide.   After  this  addition  had  heen  coapleted,  the 
ieoperature  was  laaintaiiied  and  the  stirring  eontlnaed  for  3  hmirs.  The 
seefitioa  inass  was  then  cooled  in  an  iee  hath  duxla£  the  addition  of 
solid  sodttm  hydroxide  (eao>a^  to  saturate  the  solution).    The  super- 
natant layer,  a  mixture  of  sllyl,  diallyl ,  and  trlallyl  aadnes,  vas 
separated,  dried  for  18  hours  over  solid  sodim  liQrdroxide,  and  fraction- 
ated through  the  ooltan  descrihed  prenrieusly.    The  prinary  and  seeoniazy 
attines,  recorered  in  snai  qjiantitiMj,  were  discarded.   A  total  of  30.6  g. 
of  triallyl  asine  ifas  collected,  filing  in  the  range  of  149-155^0.  a% 
760  am.    This  quantity  represents  a  yield  of  22.3^  of  the  theoretical. 
Since  trlallTl  aodne  has  heen  reported  previously,  it  vas  characterized 
'bsr  neans  of  its  physical  constant»<5^  ;^„ 


Syatheslt  of  Trl-(2-chloroallyl)  Jmimi 


A  mixture  of  90.2  g.  of  concentrated  mmnirm  hydroxide  aad 
350  ml.  of  water  was  heated  to  100**  C.  in  a  one-liter,  tlwe-nedced 
f laek.    One  hundred  eleven  s^sm  (1  mole)  of  2  3-dichloropropeae-l 
vai  added  dropwise,  with  vigorofas  stirring.    The  mixture  waa  then  held 
at  100°  with  contimxed  atirriag  for  8  houra,  cooled,  and  allowed  to 
separate.    3?he  hesry,  oily  layer  which,  settled  out  wae  remored  and  the 
remaining  aqueous  layer  saturated  with  solid  sodium  hydroxide.    No  signi- 
ficant qiiantity  of  amine  separated  as  a  result  of  this  salting  out. 
The  amine  mixture  w^  dried  ovemi^^t  over  solid  soditun  hydroxide  and 
fractionated  under  reduced  pressure.    She  qtiantities  of  priBary  and 
secondary  amines,  produced  were  negligilile,  so  these  eoogooioads  were  dis- 
carded.   A  total  of  58.9  g.  of  tri-(2-chloroallyl)  amine  was  recovered, 
boiling  in  the  reage  of  120-121.5^0.  at  9*10  asa. ,  and  representing  a 
yield  of  73.5?5  of  the  theoretical. 

Physical  Conatantf : 


#*.  1.503^ 


1.1868 


B.p 


120-121. 5*  at  9-10  MS. 


yitro^yn  Analysi£> 

Calculated 
Observed. . 


5.89jf 


2.»    Syntheaea  utlng  IVigajy  and  Secoi>dary  Anln^ji 


^.  QenT»l 


for  th©  remaloder  of  the  tertiary  amine*  prepared  in  thie  re- 
seoroh,  priiaary  or  eeoondarjr  aaines  were  uaed  as  starting  naterlale 
inetead  of  asBtosdtw  hydroxide.    !I!he  nethod,  as  deserllMd  "by  Butler  and 


Bunefa;  Iznrolred  the  reaction  of  the  approprlat*  halldft  with  a  thia 
paste  of  the  priaaxy  or  seeondary  aadne  and  todlxBa  McarlMnate  in  water, 
fht  rtaetion  wui  carried  out  in  a  roT2nd-»1>ottoBed,  three-neeked  flask 
of  suitable  capacity  equij^ped  with  a  n>eehanical  stirrer,  cold  water 
refl\ix  condenser,  and  dropping  ftuinel.    The  reaction  nixture  was  heat- 
ed td  lOO^C.  tqr  aeans  of  a  steaa  hath  throa^iQut  the  reaction  time. 
Vigorous  stirring  was  maintained  dturiqg  and  after  the  addition  of  the 
hallde.    The  total  tlae  of  each  reaction  was  about  6  hours.    After  this 
period,  the  reaction  mass  was  cooled  aad  saturated  with  solid  soditm 
hydroxide  as  descrlhed  previously.    The  asdne  layer  was  separated,  dried 
enrer  solid  soditn  hydroxide,  and  distilled.    In  oirder  to  ayoid  excessiv* 
decoqposition,  all  of  the  asilnes  prepared  were  fractionated  tmder  re- 
duced pressure  and  subsequently  stored  in  a  refrigerator.    Physical  con- 
stants and  analytical  data  were  obtained,  using  freshly  distilled  saii;)les. 
Tields  of  tertiary  aslnes  obtained  by  this  xoethod  were  good,  usually 
abore  70$$.    The  reaction  had  the  further  advantage  of  girlag  practically 
no  side  products,  making  purification  an  easy  matter.    The  ssiines  produced 
were  all  colorless ,  ciobile  liqiolds ,  tumlag  yellow  sloidy  vhen  ejq>«sed  to 


n 


Sxperlnental. 


Synth8»i8  of  R-2«0hloroaX33r]|.  Morpholiaes 


HgC^  CH2 


Porty-thre*  and  on«-half  gfami  (0.5  a»l«)  of  norpholln*  and  kZ  g. 
of  sodium  "blcarlwaiit*  w«re  miMd  in  a  500  »1. ,  threo-neckwd  flask  with 
9tcffici«nt  water  to  foxa  a  thin  paste.    fh«  nixturs  w»«  heated  to  lOO^'C. 
with  a  steam  hath  and  stirred  while  6I.I  g.  (0.5  sole  plus  10^  excess) 
of  23-dichloropropene-l  was  added  dropwise.    She  reaction  was  continued 
for  5  hoars  at  reflux,  and  then  the  reaction  sdxture  was  cooled.  The 
aaine  layer  was  rMoved  and  the  aqixeous  layer  saturated  with  solid  soditoi 
}qrdroxlde,  giriag  farther  separation  of  the  produat.    The  crude  aaine  was 
dried  and  fractionated  tmder  reduced  pressure.    A  total  of  71*7  of 
material  boiling  in  the  range  of  99»X0X°C.  at  26  bb.  was  collected, 
zvpresenting  a  yield  of  88.7^. 

Physipel  OoB^tantst 


1.1^796 


1.0887 


B.p 


99-l01<*  at  26  BOi. 


Kitro^n  Analysis} 


Ohserred 


Calculated 


8.67^ 
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Synthesis  of  H-cia,  3-C3iloroallyl  Morphollne: 


CHg-OHsCHCl 


Forty-thret  and  one-half  graas  (0.5  nole)  of  soxpholine  va> 
slxed  with  42«0  g.  of  sodiUD  Moar'boa&te  and  enotigh  water  to  form  » 
thin  paste.    The  mixture  was  heated  to  100**  C.  in  a  500  ml. ,  three- 
necked  flask  and  stirred  Tigoaroa8l|r  during  the  dropwise  addition  of 
51.1  g.  (0.5  ools  plus  10^  exoess)  of  ^£  l,3.dicblox«propea*-l. 
After  the  addition  had  heen  co]q;)leted,  the  mixture  was  lieated  and 
stirred  for  7  hours      then  cooled.    The  produet  was  salted  out  of 
the  reaction  mass  V  satxiration  with  solid  sodium  hydroxide,  dried, 
and  fractionated.   A  yield  of  57.^  g.  of  product  was  recorered,  boiling 
i»  the  range  of  109-110°G.  at  26  am.    fhls  represented  71.0^  of  the 
theoretical. 

^Phjysioal  Constantsa 


1.4866 


1.0967 


109-UO^  at  26  sn. 


yitro/^en  Analysit  t 


01>serred 


Calculated 


8.679( 
8.^ 


IS 


Sy|ith««l»  of  g-a-Chloroallyl  ?lperldln»» 


Twenty-aisht  and  four- tenths  grasiB  (0.33  nolo)  of  piperldlao 
and  35  e«  of  »odiun  1)10811)011*116  wore  mixed  la  a  500  jbI.  ,  three-nseksA 
flftck  with  enou^  water  to  give  a  thia  paste.    !Ilha  nlzture  was  heated 
to  100^  oa  the  steaa  hath,  stlrrlag  was  beetm,  and  tiO,7  6*  (0.33  Qolt 
pl\is  10j5  excess)  of  ?.  ,3-dlchloropropene-l  added  dropwlse.    Heating  and 
stinrlBg  were  eontlznied  for  6  hours  after  the  additlea  had  he«n  eoagpleted. 
The  reaction  oass  was  then  cooled  and  the  azilne  ealted  out  with  solid 
sodixDB  hydroxid*.    IJpoa  drying  and  distilling,  37,8  g.  of  product  was 
ohtained,  boiling  in  the  raa^  ef  70>71°C.  at  10  sob.    This  qxtaatity 
represented  a  yield  of  71'0$S  of  the  theoretical. 

Physical  Constants  i 


  o.99«9 

70-71®  «t  10  n* 


l.i^7S7 


Calculated. 


8.7?jj 
8.7*1^8 


Observed 


l^tlitU  of  Dlallyl.  3»Qhloreallyl  Aging,! 


CH2  *  CH — CHg  ~  K  ~  CHg  —  CH  as 


?orty-«lght  and  six- tenths  etam  (0.5  w>l«)  of  dlallyl  aalne 
vas  mlxad  with  ^2.0  g.  of  sodixun  "blcarbonat*  and  water  to  produce  a 
paste  and  added  to  a  500  al. ,  three-necked  flask.    After  heating  to 
XOO*,  61.1  g.  (0.5  BOle  plTxs       exsess)  of  2 ,3-dlchloropropei»-l  was 
added  dropwise,  with  stljfring.    The  reaction  was  then  eontlaued  for 
5.5  hours  and  the  crude  product  separated  as  described  previously.  The 
aaine  was  then  dried  and  fractionated  under  reduced  pressure.    A  total 
of  51.7  e»  of  product  was  collected,  hoiline  In  the  range  of  81-82*0.  §t 
19*20         fhls  qaaatl^  represented  a  yield  of  60.i^. 

Physical  Constantfi 


1.4^ 


81-82** 


at  19-20  OB. 


lltrof^  Analysis! 


Caloalated 


01)serred 


6.16^ 
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SynthnBla  of  Itethyl.  Dl-(Aiaai.  >"Chloroallyl)  iaaLoMi 


€1 CH  <B  CH — GO,  -  X  .  CE9 a  CECl 


A  ]aixtar«  of  130  al.  of  a  25^  solnUon  of  metharl  bmLxm  (subt- 
ly ffioro  thaa  1  iMle)  aad  I6S  g.  of  sodita  Mcarbosat*  was  aM«d  to  a 
l-lit«r,  three-nBckad  flask  vith  enou^  water  to  prodne«  a  past*.  Tb» 
teaperatnre  of  the  mixture  wae  raised  to  lOO^C,  and  222  g.  (2  anles) 
of  traiMi  l,3~diehloropropezM~l  vas  added  dropwise,  vith  ▼i&jrous 
tatiexu    The  reaction  vas  contlmed  for  4  hours  after  this  addition. 
After  this  period,  the  reaction  mixture  was  cooled  and  the  aaine  salted 
cmt  with  solid  sodlnn  hydroxide.    The  erode  prodaot  vas  dried  enH. 
fractionated  under  reduced  pressure.    The  fraction  hoiling  at  9k^95^C, 
at  10  an*  vas  collected,  haring  a  total  v/eii^t  of  59*1  €•  saA.  represent- 
ing a  yield  of  32.fl9(. 

Physical  OonstaJitsi 


*  c       *  • 

9(k.95^atlOaB. 


1.4910 


B.p 


ITitro^en  Analysis; 

Calculated 
Obserred. . 


7.78^ 


Srathasli  of  Ally  1.  D}L-(a~Chloroallyl)  Jtolne: 


CS2 = OCl  -  CH2  -  N  -  CH2  -  C5C1  =  CH2 
CHgwCH-OHg 


ffwmty-^lclht  and  ono-half  graiss  (0.5  inole)  of  alljl  eaiae  «m 
aixed  with  84,0  g.  of  soditDB  'blear'bo&&te  and  wator  to  makt  a  paste  and 
placed  in  a  500  sil. ,  three-neoksd  flask,    fhe  laixturo  was  heated  to 
100<^  0.  and  stirred  doriag  the  dropvise  addltioa  of  122.X  g.  (1  mole 
plus  10^  ezoess)  of  2,3-diehloropropene>l.    The  reaction  was  eoiw 
tlxnied  for  6  hours,  after  vhich  the  crude  aaine  was  salted  out  as 
deserl'bed  preTlously.    The  product  was  dried  and  distilled  uader  re- 
duced pressure,  hoilinG  at  88.5^0.  at  a  pressure  of  5,6  am.    The  yield 
of  product  was  22,7  g. ,  or  22.0^  of  the  theoretical. 

Physical  Constants t 


  l,O09i 

88,5*  at  5.6  m. 


nitrogen  Analysije: 


O'bserred 


Calculated 


6.80^ 
6.75?S 


If 


Syatoealt  of  Diallyl ,  JaaaS.  >Ohlorosllyl  Aalnet 


OH2  s  GS  >.  (£[2  ~  ^  ^      -  ^  ^ 
CH01as(JH-CH2 


forty-el^t  and  iix-tenths  gr&Bm  (0.5  J»ol»)  ot  diallyl  asdn* 
«»•  Klxed  vlth  63  e.  of  sodlm  t)lear1>0Bate  and  v&ter  in  a  500  nl. , 
three-n«ok«d  fladc.    fhe  mlxtture  vas  h«at«d  to  80*C.  and  «tlrr«d  daring 
the  flropwl**  addition  of  61. 1  g.  (0.5  aol*  Pl^  10^  exeoas)  of  trans 
1^3-dlehloropropena-l.    'SHie  haatiag  and  atirrlne  vrera  eontlaood  for 
a  period  of  6  hour*  after  addition  of  the  halide  had  "been  coapleted. 
The  re&etlon  mixture  was  then  cooled  and  saturated  vith  soditBB  hydrozldtf 


to  salt  out  the  erode  asine.   Tractionation  of  the  dry,  erud«  prodooi 
produced  k6,Z  g.  of  anine,  hoiling  in  the  range  of  66-&/*0.  at  3*9 
fhls  quantity  represented  a  yield  of  5<i'.0^  of  the  theoretical. 

Plysical  Con8tai^t|i» 


 0.91*77 

66-67®  at  3.9  ». 


l.i^7'^8 


Sitro^:;8n  Analyslsi 


Obserred 


Oalfltalated 


8.1^ 
8.11^ 


■i 


g 


I 


•3 
o 


S>  (3  ^ 


NO 


CO      00      00      CO  00 


NO  00 


•  ••••••• 

CO     CO     CO     CO     Nr\  NO  00 


NO 

00 


o 

1 

I 


I   I   El  o    1  i 


Seetlott  XXZ 

&    Ggpgral  Digeat»lon 

The  qiiateraary  eattonltun  halldta  Inrestigated  la  this  r«s«areh 
¥•»  prepared  by  the  atthod  deseri'bed  Iflr  Sutler  and  Baaoh,^»^  fhe  pro- 
cedure eonsisted  of  addiag  an  excess  of  the  appropriate  mxseturated 
h«3L14e  to  aa  aeetophmgyeae  solution  of  the  uasaturated  tertiarjr  asdae. 
Altih0ti^  soioe  qnateraary  szatoaitun  eo8Q)0«ads  foraed  ▼0x7  readily  at 
reoa  tessier&tares ,  it  was  fotoid  desir&'ble  to  reflux  the  Eiixture  for  ser- 
eral  hoars  to  iaerease  the  yield  of  the  prodaet.   This  pra«tioe  vae 
carried  out  la  all  oases.    In  some  instances,  a  quantity  of  the  crystal- 
line quatemaxy  iiinmliiin  compound  separated  xcpoa  cooling  the  reactioa 
Bdxture.    This  first  crop  of  crystals  was  recorered  "by  filtratioa,  aaA 
a  second  crop  vas  produced  hy  the  adUtiea  of  dry  ether  to  the  mother 
ligjoor.    Soste  of  the  ^teraaxy  salts  pr«|»area  la  this  vork  were 
stcffieiGntlj  soluhle  in  the  snotoit  of  aeetopheaoae  used  to  require 
the  addltl<»i  of  ether  to  produce  the  first  crystals,    fhe  crude  products 
vere  parified  hy  repeated  reexjoLtallisatioa  fros  alcohols^  acetone-ether » 
or  chlorofor»-ether  mixturM.    Speed  in  filtratioa  end  handling  of  the 
products  vas  essential,  since  most  of  the  co^ouuds  vere  rery  hygro- 
seopie  la  the  isipore  state.    Xtber  nhieh  had  been  dried  orer  soditoi  was 
used  to  precipitate  the  prodocts. 
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Of  the  oonpounda  prepared  in  thie  phaee  of  the  laveatlfiatlon, 
the  qu&teraaiy  halide  produced  f ron  the  reaction  of  allyl  Tiroaide  with 
elf  3-dhloroallyl  aorpholine  vae  not  recorered  as  a  solid .    This  r#- 
aetion  led  tuxifoialy  to  a  very  vlscoitts  liqaid  of  a  taffy-like  consist- 
ency.   Attempts  to  obtain  the  crystalline  coarpound  "by  recrystallizlng 
froa  a  Tariety  of  solvents  prored  fruitless.    The  crude  product  vbm 
8ul>jeeted  to  rather  strenuous  raethods  of  dehydration,  such  as  siaintaitt- 
lag  It  under  a  pressure  of  0.1  aaa.  at  a  teinperature  of  100*0,  for  several 
days;  howrer,  no  crystallization  occurred.    The  trgjas  isoner  of  this 
quatemaiy  proved  almost  as  refractory  toward  crystallisation,  hut  after 
the  rigorous  dehydration  descrihed  ahove  and  storage  at  5*C.  for  several 
weeks,  a  snail  crop  of  carystals  was  obtained.    The  quantity  recovered 
was  enou^  for  aaalysis  hut  insufficient  to  ^tif^  further  attempts  of 
purification.    The  reasons  for  stidi  difficulties  in  ohtaining  solid  cob- 
pousds  are  unknown,  hut  it  is  presumed  that  supercooled  liquids  were 
produced  idiieh  contained  snail  aioounts  of  water  and  other  liQnrlties. 

The  remaining  tusaturated  quaternary  arnooniua  salts  prepared 
herein  were  white ,  crystalline  solids ,  vezy  soluble  in  water ,  acetone , 
end  alcohol  and  insoluble  in  ether.    The  products  were  stored  in  vacuum 
desiccators  to  prevent  absorption  of  moisture. 

The  analyses,  yields,  and  melting  points  of  the  unsaturated 
quaternary  smmonium  halides  studied  in  this  work  may  be  founi  in 
Table  III,  following  the  eocperlaental  section. 


1*  %>«yl?ae»^^ftH, 
SynthMia  of  lf-.2-Clilproally^^ .H-Allyl  Morpbollal-cna  Sroaldai 


forty  8Ztd  fotixwtentilui  gram  (0.25  >b1«)  of  8-3~(Moroall7l 
soxpholiae  was  mixed  with  100  nl.  of  redistilled  aeeto^^enone  in  a 
500  Bl.,  tfar«*-<neek»d  flask  eq:aipp6d  vitli  »  xvflto:  co&d«u«3r  (ie« 
vater) ,  additloa  fosnel ,  and  iseohanieal  stirrer.    The  nixtur*  vras  heat- 
ed to  lOO^C. ,  with  stirring,  dttrlae  the  dropwlse  addition  of  31.7 
(tax  exeess  over  0.215  aole)  of  allyl  Inroiaide.    After  refltudag  for 
6  hoars,  a  considerable  anount  of  qaatemaxgr  halide  had  separated. 
HhiM  ves  rewrred  hjr  filtratioA,  aM  a  second  crop  vas  recovered  froa 
the  aother  liqaor  tgr  the  addition  of  dry  ether.    The  erode  product  was 
freed  of  ether-soluhle  iB^mrities  hy  means  of  a  Soxhlet  extractor  and 
them  recrystallised  from  ahsolute  alcohol  Igr  addition  of  dry  ether. 
Twenty-one  graxas  of  qoatemary,  representing  a  yield  of  29.1^,  was 
recovered. 

Heltlae  Point.  ,**^^mm f *  •  17X-172°0. 

Bromine  Analysis:  ... 

Calculated  2B,it$ 

Obserred.  28.^1j( 


5ynth6«lg  of  H-Allyl.  lUfljLft  3~0hloroallyl  MorphollnlxBa  IBronldtt 


forty  and  four-t«ith«  grpjas  (0.25  aole)  of  H-(g^i  3-<diloroaHyl 
morpiboXlzw  was  mixed  with  100  sQ..  of  acetoplienond  in  a  500  al.  flaidc 
•<Iiiil?^  ^  deaeri'bdd  prwiously.    IThs  nizttur*  ms  heated  to  100*'C.  aoA 
stirred  during  the  dxopvite  addition  of  31*7  6*        excess  orer  0.:^ 
mole)  of  allyl  'bfroaida.   The  reaction  vas  eontinoed  for  6  hotirs  with  no 
evidence  of  insoluble  material.    Since  cooling  of  the  mixture  to  0**C. 
failed  to  produce  a  solid,  a  quantity  of  dry  ether  vas  added.    At  this 
point,  a  very  rlscous,  ■brown  liquid  separated.    Attecrpts  te  obtain  a 
crystalline  solid  front  this  substance  by  means  of  reorystallisatioA 
frea  ssreral  solvents  were  futile,    fhe  liqiaid  aass  was  thoreogbly  ex- 
tracted with  ether  and  held  uzider  Taeusoi  (O.l  vol.)  at  a  tenperature  of  j 
100*C.  for  several  d^.    The  product  was  then  stored  at  5°C.  for  ssv-  i 
sral  weeks  without  th«  appearance  of  crystals.    The  proAiet  showed  the  I 
typical  properties  of  a  quaternary  amaoniua  halide  in  its  solubility  ia  ] 
water  and  in  the  possession  of  an  ionic  halogen  atoB.    Since  a  pure  co&- 
pound  cauld  not  be  isolated,  the  identity  of  this  quaternary  anaaonixuB 
halide  was  not  proved  by  analysis,  but  rather  was  only  assuaed  on  the 
Uils  af  the  method  of  preparation.    A  total  of  H6.1  g.,  representing  an 
epproxijnate  yield  of  65.2^,  was  collected. 


2k 

Syatheala      H^AIljl.  B-a^Ohloroallyq  Flperidlnlnn  Broaidea 

0H2  =  CH~CS2       CH2-CC1  =  CB2 
\+/ 

sar 

V\ 

C 

>^ 

Thirty- two  graan*  (0.2  aola)  of  H-2-chloroallyl  piperldln* 
with  80  al.  of  acetopheaono  la  a  200  ml. ,  thra«»neck»d  flask 
equippad  as  deecTl'bed  previously.    The  mixture  WEMi  iMated  on  a  steaoi 
"bath  and  25.4  g.  (0.2  aole  plua  5SS  exeeiB}  of  allyl  "broaide  added 
dropviee,  with  vigorous  stirring.   The  reaetion  was  oontiaued  for  6 
hours  under  reflux,  during  \ib.i6h.  tim  a  granular  solid  separated  and 
the  solution  turned  daxk  red  in  color.    The  solid  raaterial  was  rennred 
\tj  filtration  and  a  second  crop  recovered  hy  the  addition  of  dry  ether 
to  the  mother  liqjxor.    The  exude  product  was  washed  free  of  colored, 
ethezwsoluhle  materials  >y  extraction  with  ether  in  a  Soxhlet  extractor 
sad  thfltt  was  further  purified  by  recrystallizatiom  froB  alcohol  with  dxy 
•idler.   A  total  of  50.8  g.  of  white,  crystalline  loaterial  was  collected, 
representing  a  yield  of  90.^. 

Melting  Point.  l6jJl6k^0. 

Broaine  Analysis: 

Calculated..,  28.4^jJ 

Observed  TB.k*^ 
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is  ojf  H~Allyl.  SUJaaa^  3"Chloroal3yl  l4orpholiixiua 
Broald»t 

0 

Torty  and  four-tonthi  grains  (0,25  of  5-  trqft*  3-cblor»- 

alljrl  moxpboline  was  mixed  with  100  sil.  of  aottophcnone  in  a  500  ml. , 
thr«e-«eek3Bd  flaak,  equipped  a«  d«8eribed  before.    The  mixture  vaa 
heated  to  100^0.  on  the  steas  bath  and  stirred  daring  the  dropvise 
addition  of  31.8  g.  (0.25  lool*  pXtu  5^  excess)  of  allyl  hrosdde.  The 
reaction  was  contianed  for  6  houn  mder  reflux.    At  the  end  of  thit 
tins,  a  ▼iseouB  mass  had  separated.    This  substance  vas  vashed  free  of 
ether^soluble  izrporities  and  dissolved  in  absolute  alcohol.    Upon  addi> 
tioa  of  dry  ether,  the  Tiseous  liq:aid  ag2?JLa  appeared.    Torther  attempts 
to  form  crystals  "by  rocrystallizatioa  from  chloroform,  acetone,  and 
other  solvents  failed.    The  product  vas  thm.  dried  under  Taetau  and  stor- 
ed for  several  weeks  at  5^*0. ,  as  was  done  with  the  cis  isomer  [p.:^].  A 
saall  sBOunt  of  crystalline  inatoilal  was  collected  and  analyzed.    !Ehe  to- 
tal weight  of  iiqpure  quatenuzy  was  h-7»6  g. ,  representing  an  spproxSjaat* 
yield  of  67 J4' 

igting  Point.  160-165°0. 

Broaine  Analysis: 

Calculated   28. 21^ 

Observed   27.90 


Synthesis  of  grlallrl .  2-Chloro&llyl  /jnnonlrin  Broaldet 


CH2aCH-CH, 


Forty-two  snd  alne-tenthi  gram  <0.25  mole)  of  diallyl,  2-chloro- 
allyl  amino  vas  ndad  vdtli  100  ml.  of  acetophonone  in  a  500  ml. ,  three- 
nedwd  flask,  eqaipptd  as  described  before.    After  heatiag  to  lOO'C, 
31.8  e.  (0.25  mole  plus  5jJ  excess)  of  allyl  bromide  vras  added  dropwlse, 
with  stirring.    At  the  end  of  8  hours,  no  solid  naterlxl  had  separated, 
se  the  reaction  nditure  was  chilled  to  0<»0. ,  with  vigoiww  stirring. 
The  crystals  which  formed  were  filtered  and  washed  with  dry  ether.  A 
•MMd  «rop  of  crystals  was  obtained  hy  adding  ether  to  the  mother 
liqiior.    Ihe  two  crops  of  crystals  were  eoaftlned  and  recrystallized  from 
alcohol  with  eUwr.    A  total  weight  of  20.6  g.  was  collected,  represent- 
i«C  a  20.2^  yield  of  the  theoretical. 

Melting  Point.   155-160*0. 


Caleolated 


27.31ji 
27.25Sf 


Obsenred 


n 


SyntheilB  of  Batyl,  !?lallyl,  3-Ohloroallyl  .Ainiaonltin 


SerentT-siz  and  Bl}b>t«nih8  graaa  (0.5  mole)  of  dlallyl 
aain*  was  sixsd  vlth  50  vH,  of  acetoph«a.oM  in  a  500  al. ,  thre««ne^lDid 
flask,  as  deseri'bad  previously.    The  mixture  vas  heated  to  lOO^C. ,  and 
£.  (0.5  sole  pltis  10$^  excess)  of  traay  1 .3~diehlQropropeas-l  wat 
added  dropvise,  vith  stirring,    jtftor  9  honrs,  a  Tiseoiu  liqtdd  separated 
\nx\  vQiold  not  cTTStallize  tAien  chilled.    Mditloa  of  ether  to  the  reaction 
sixtnxt,  boverer,  escased  the  foraatloa  of  considerable  solid  oaterlal 
idxioh  foraed  a  meleas  for  the  erystallisatioB  of  the  eatire  sas^le. 
The  product  vas  filtered,  washed  fjree  of  reaotaats,  aad  recrystallized 
fre»  alcohol.    A  yield  of  111.7  S. .  repreawxtiag  of  the  theoreti- 

Ml,  vas  ohtained. 
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S*etlon  IT 

Polynerlaatloa  is  dirldad  into  two  general  clsui«lfleatioa«  — 
condensation  and  addition.    Uhe  point  of  difference  "between  these  two 
elassM  lies  in  the  fact  that  the  forser  is  always  aocoi^aaied  tqr  the 
pndnetloa  of  some  si^le  ooleoole  as  a  Ij^wprodaet,  such  at  water,  aaDO»- 
la,  er  sodituo  chloride;  ^le  ttie  latter  class  gives  no  Ity-prodaets.  The 
polyaer  -unit  foxned  "bgr  addition  polTSierization  has  the  ssbb*  sMpirieal 
fomnla  as  the  original  monomer.    An  ezaiqple  of  addition  polTaBrizatlea 
is  fonnd  in  the  peroxld*>catalyzed  x^oljnaerisation  of  certain  coxi^>OTXDd« 
with  unsaturated  carho&-to-carl>on  linlca^s.    She  polTiMirisation  of  tuft- 
saturated  qxiatemaxy  aisaoaiua  coa£>ound8  perforaed  in  this  research  helonfs 
to  this  tjfp0  of  addition  po]jnnerlzatioA. 

fhe  nature  of  the  poljnBer  obtained  is  known  to  Taxy  with  the 
fonetionality  of  the  zumoBer.    If  the  nonoater  has  a  functionality  of  two 
(for  exsniple,  a  double  bond),  a  linear  pol^^aer  results,  being  theznoplaetie 
and  aore  or  less  soluble.    Howerer,  if  the  fonctionallty  is  increased,  the 
posslbili^  of  crossllaldne  appears,  resultine  in  a  tber«esettine  polyaer, 
Insoluble  in  ordinary  solyents.    The  esEtent  of  crosslinking  may  be  qixite 
rariable,  depending  xtpoa  the  conditions  es^loyed,  giTlng  a  wide  range 
of  solubility  of  the  prodaot.    This  solnbiliiy  nay  extend  fro«  gel  for»- 
atioa  in  those  cases  in  which  the  degree  of  crossllnfcing  is  low  to  e(m- 
plete  insolubility  and  jaerely  sweUing  in  those  eases  in  which  crosalinking 
is  Bore  extenei-re.   Tery  little  swelling  in  the  presenee  of  solvents  aay 
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fiaallj  oeoar  vtuai  a  M^ly  crossllak»d  polymtr  It  obtained.   For  thlt 
r«a8oa,  th«  anomt  of  mmlllng  prodticed  when  th«  polymer  ie  ianersed 
la  a  solrent  aagr  soiaetimea  "be  used  as  a  roti^  losasurs  of  the  extent  of 
erosslialdjag. 

Za  this  study  of  ion  exchange  resins,  polyfanetioaal  monomers 
vers  en^loyed,  since  a        degree  of  erostlinklns  (lov  solu'bility)  vas 
desired.    fb»  functionality  ranged  from  fcmr  (noleeules  containing  two 
doa1)le  'bonds)  to  eight  (aolecxiles  containing  four  double  honds). 

Xaay  factors  are  recognised  as  signifioaat  in  determining  the 
cputlity  of  anion  exchange  resins.    Among  the  factors  considered  veres 
(1)   She  nature  of  the  monoiwr,    (2)   Ihe  nature  of  the  catalyst, 
(3)    fhe  concentration  of  the  catalyst,    (4)    fhe  present  of  a  solvent, 
(5)    The  teB5)erature  of  polymerization,    (6)    the  time  of  polymerisation, 
and  (7)   fhe  meohaaieal  conditions  under  which  the  polymerisatioa  vat 
carried  out.   !?hese  factors  will  he  considered  la  order. 

Ihe  purpose  of  this  inveetigation  vas  to  develop  an  aaioa  exchange 
VMla  of  hi^bier  eapaeity  thaa  those  produoed  prerioosly  from  similar  moao> 
■mrs.    Since  the  eapaeity  of  these  resins  oft«a  is  hased  t^n  a  standard 
volume  of  the  vet  resin,  it  was  helieved  that  any  method  producing  a  denser 
particle  (giving  more  active  groups  per  unit  volume)  would  tend  to  increase 
the  capacity  of  the  resin.    Tor  this  reason,  halogenated  ({oatemary  tfT^-im 
halides  were  studied  as  monomers.   ?olymerizatioa  of  these  suhstances  vat 
carried  out  at  various  temperatures,  holding  all  other  factors  constant, 
for  a  more  or  less  cooq[>lete  study  of  the  polymerisation  conditions, 
tetraillyl  anoaium  hroaide  was  used.alnee  it  was  most  eaeily  ohtainad. 


fhe  catalytt  used  in  all  of  these  poljTBMiriiatloa  es^ertjoentt 
VM  tertiary  \n%fl  hydroperoxide,    fhii  eatalyat  was  fonad  to  vork 
better  thsn  others  vith  qaatemary  anaoiiittt  halidee  Iqr  Sutler  and  Bondi.^*' 

Since  a  la«s«  proportion  of  the  eatalyst  has  a  teodeney  to  gire 
»  relatirely  low  raoloefolar  vei^t  polymer,  the  concentration  was  held 
coustant  at  ahout  1.6^  throu^iaut  these  experiments. 

A  saall  awrant  of  vater  was  added  to  the  monoaers  in  all  polj«e>> 
isation  systems.    This  water  had  the  douhle  effect  of  lowering  the  xaelt- 
iae  point  of  the  moaoMr  and  of  dissolTing  it,  glring  tha  naeessary  liqiiid 
•yetea.    Strletly  speakiae,  pelyaerlzation  with  the  ixse  of  solrents  it 
considered  solution  polyaerlxation,  hut  since  such  §  iBall  proportion  of 
«Bter  was  used,  the  tern  "hulk  polynerisatioa*'  is  used  hereia  for  su«3i 
systeas.    About      hy  wei^t  of  water  was  added  to  the  aonoaer  for  all 
hoik  polyaerisation  studies. 

Since  a  low  tes^eratore  is  kaowa  to  he  favoaahle  for  the  for»> 
atioa  of  highsr  aoleeolar  wei^t  polyaers,  it  was  believed  that  •  resia 
of  lower  solubility  [i.e.,  one  with  less  tsadenay  to  eveXl  when  wet] 
eottld  be  obtained  by  carrying  out  the  polTinerizatioa  reactioaa  ia  the 
range  of  room  teiqperature.    Xa  order  to  iorestigate  the  effect  of  the 
teaiperatare  on  the  qjoelity  of  the  i»rodttet,  reactions  were  carried  out 
at  65*.         30',  and  23°  C.    Por  this  study,  only  tetraaillyl  rjnnoniua 
broxBide  was  used. 

She  tiiae  permitted  for  oos^lete  polynerizi^tioa  in  all  eases  was 
selected  arbitrarily.    Aa.  attwaipt  was  nade  to  allow  ao^le  time  for  the 


r«aotloa  to  proeead  to  coapletlon  in  each  case.    For  tha  reactioas  In 
vhleb  tha  first  eridanee  of  polyBerlsatlon  aopeared  vithia  an  hour,  a 
Z^y~36  hour  period  was  allovad  to  effect  coB^letion  of  the  reaction.  When 
as  BiacSx  as  12  hofors  elapsed  hefore  polToerizatlon  "began,  a  7«1^  day  per- 
iod vas  pensitted. 

fhe  zsoet  otrrious  mechanical  means  of  conducting  these  polTsieri- 
tation  exprriffients  was  in  hulk;  that  is,      mixing  the  tmnoaer  with  the 
catalyst  and  enou^  water  to  giro  a  liq[uid  system  and  allovlng  polymeri- 
zation to  take  place.    Shis  loethod  led  to  hard,  glassy  solids  in  OM 
piece.    The  solids  were  then  hroken  up  by  leaching  with  water.  Vith 
this  method,  the  else  of  the  particle  could  not  be  controlled,  since 
it  was  detemined  only  by  the  distribution  of  uaxeaeted  (uater-soluble) 
monomer  mixed  with  the  polyner.    Zt  was  believed  that  a  teehniqv«  of 
Mulsion,  or  suspension  poljnDorizatioBi,  in  whidi  an  insoluble  second 
phase  vas  introduced  and  stirring  employed,  mi^t  lead  to  better  control 
of  the  particle  size  and  perhaps  of  particle  density.    In  order  to  iSi-> 
restieate  the  effect  of  mechanical  handling  on  the  quali^  of  the  poly- 
Mr,  tetra:&llyl  aaiaoniuB  broaide  vas  polymerized  in  bulk,  in  emulsion, 
and  in  suspensioa. 


2.*  Experimental 
h  Po;iyyeTizatlcn 
The»8  eaperimentft  wer«  carried  out  usIbg  th«  monosierf  listed 

tMlov. 

Allyl.  2-Chloro&llyl  Horphollnltua  Bromide Polynerlzation  of 
thii  ctu^poxmd       at^pt«d  at  three  different  tes^ratureet    85^,  65^, 
and  30*  C.    In  each  ease,  a  nixtuxe  of  10  g.  of  the  qpatemaiy  sianonitai 
halide,  0.57  g.  of  water,  and  0.17  €•  of  catalyst  was  aalntained  at  the 
•elected  temperature  tintil  the  reaction  was  preeused  to  "be  eoaplete. 
The  temperature  was  held  constant  in  the  ezp<^Tlaent8  conducted  at  85* 
aai  65*,  "by  means  of  an  electric  ovea,  for  a  period  of  2k  hours.  M 
the  end  of  this  tioe  the  pol^nsers  had  M«uaed  a  hard,  glass-like 
consistency  emd  were  li^t  "broim  la  color,    fhese  polymers  were  found 
to  he  completely  soluble  ia  water,  showin<g  little  croMlinklae.  The 
third  tanrple  was  maintained  at  30^  in  a  constant  teisperature  hath  for 
7  days.    This  resin  was  likewise  soluble  in  water. 

The  soluble  polyaers  resulting  f3>0B  this  cionomer  were  obriously 
unsatisfactory  as  ion  ezchange  resins  because  of  their  solubility. 

Alijlyl.  ^SSSiL  3-Chloroally][.  Morph^linjycja  Bjroaidf|.—   In  this  ease, 
the  crude  product  obtained  as  described  in  the  section  on  the  synthesis 
of  quaternary  astBoaittm  halides  was  used  as  the  nonomer.    A  mixture  of 
10  g.  of  the  Bonoiaer,  0.57  £•  of  water,  and  0,17  6.  of  tertiary  bu^l 
hydroperoxide  was  placed  in  a  beaker  in  the  electric  oven  end  held  at 
75*  C.  for  30  hours,    ifter  this  period,  the  polyner  was  in  the  foja  of 
a  stietgr,  brown,  very  riseous  liquid,  completely  soluble  la  water.  As 
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va«  true  In  the  preceding  ooiapouad,  this  polyioer  va«  ussuita'ble  for 
ioa  excliaage. 

Allyl.  jgi^  3~Ch3.oroallyl  Horpholindrm  Bronide.—  The  crudt 
qtiateraaxy  eaBooaivuu  halide  «&s  polyQarized  in  this  esperiiaent.  A 
adxture  of  10  g.  of  the  monomer,  0.57  g.  of  water,  and  0.1?  g.  of 
catalyst  was  held  at  75°0.  for  30  hours.    Results  similar  to  those 
obtained  in  the  two  preceding  eom^oands  were  ohscrved;  i.e.,  the 
j^Xymer  was  water-soluble. 

ii^lyl.  3-Chloroai;Ly3.  Piioeridini'ugi  Bromide »«-  Polymeiri cation  of 
this  coaipouad  was  carried  out  at  65**  and  30®  0, ,  uaine  the  proportions 
of  water  and  catalyst  stated  ahove,  for  periods  of  30  hours  and  7  days, 
respeotively.   As  in  the  previous  aaniples,  a  water->soluhle  pelyaer  w»s 
ohtaioed. 

Butyl,  Diallyl .  jjjgg^  3«Chloroallyl  Awanimn  Chloride.—.  This 
eos^ouBd  was  otxed  with  water  and  tertiary  hutyl  hydroperoxide  in  th9 
proportions  described  previously  end  polyiaerized  at  75"  and  30*  0.  for 
periods  of  Zk  hours  and  7  days,  respectively.    These  poly»ers  showeA 
soluMlity  in  water,  hut  to  a  lesser  extent  than  that  encountered  in 
•aperlnents  involving  conpouads  with  oioly  two  double  bonis.  These 
resins  were  unsuitable  for  ion  exchaa^. 

Triallyl,  ;^.<Moroal  lyl  Aamoalua  Broffiide. —  Ten  grams  of  this 
Bonoaer,  0,57  fi.  of  water,  and  0,17  g.  of  tertiaiy  butyl  hydroperoxide 
were  nixed  and  maintained  at  30*C.  for  10  days.    At  the  end  of  thie 
period,  the  soluble  substances  were  leached  out  with  water,  eiving  * 
graaalar  reai».    this  resin  was  thsn  washed  repeatedly  with  distlllel 
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wat«r  to  rwnov*  thm  last  trae«*  of  the  Boaonor.    Th»  final  washingi 
showed  no  test  for  the  "broBlde  ion  vhen  treated  with  sllyer  nitrat*. 
She  polymer  was  dried  under  vacuun  (4-5  aa.)  for  ^  hours  and  weighed. 
The  Toltuae  occupied  hy  the  total  quantitjr  of  resin  vMi  ■easured  in  the 
dry  and  wet  conditions.    A  total  of  4.3  6.      ^  resin  was  collected, 
representing  »  yield  of  43^. 

Toltune  Oecapied  hj^       £•  2t  SSSla' 

Dry   12.0  aO.. 

Wet   22.0 

Coefficient  ^  Swelling.   1.83 

[Volume  Wet— i-  VoIum  Dry] 

getreaXXyl  Aiamonituft  Broaide.-—  [See  "Effect  of  Teaperature,"  "below.] 

2.»   Effect  of  Teaiperatur» 

Setre&llyl  anDonitoi  hroside  wm  the  eutijeet  of  this  study,  using 
10  g.  sajoples  Riaced  with  water  and  catalyst  in  the  percentages  hy  weight 
e£  93.1  of  the  qoatemary,  5.3  of  water,  and  1,6  of  catalyst. 

Polymerisati^  at  6^0. <—»  the  polymerization  mixture  was  mein- 
tainsd  at  65°  in  the  eleotrie  oren  for  24  hours,    fhe  resvating  polymer 
HAS  light  tfTom.  in  color.    The  solid  mass  was  hroken  up  hy  leaching  out 
the  soluble  materials  with  water,  resulting  in  a  graiAlar  solid.    This  solid 
was  washed  with  distilled  water  until  the  hromide  ion  could  not  he  detected 
in  the  washings ,  indicating  that  ^  wemomr  had  teea  rsaored.    The  iresin 
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ymM  th«a  drlad  la  a  Taoaas  desiccator  oraxni^t  and  v«i^b«d«    VhB  volnMi 
of  the  resia  was  acasurcd  in  "both  dxjr  azii  vet  coadltionf.    i.  total  of 
6,55  &•  of  polyzoer  was  colleoted,  a  yield  of  65*5^* 
Tolta—  Occupied      6.55      of  Rsslnt 

Dry   12.1  lal. 

tret   23.1  an. 

Ooefflcient  of  Swelliag.   1,91 

folnwrlz^iiiofl  gt  {jO^.—   fhe  reaction  mixture  was  held  constaat 
at  40*  in  a  water  "bath  for  36  hours.    At  the  end  of  3  hours  the  laixturt 
had  becoM  solid.    The  resin  vas  hrokm  up  vith  vater  md  vaahed  as 
scrihed  previously,    After  drying  in  the  vacuaa  desiccator,  wei^t  and 
▼oluae  moasureaents  were  laade  as  "before.    A  total  of  7,70  £.  of  polyaer 
vms  obtained,  representiag  a  yield  of  77.0SJ. 

Voltroe  Occupied      £^  ^.  o£  Resi^^t 

Dry   1^.5  m. 

 18.3  JHl. 

Coefficioat  of  Swlllag.   1.2tf 

PolynQrization  s|.  30°C.~.   (The  polymerization  aLxtur*  vas  allowed 
to  react  at  30®  for  7  days.    Bie  resulting  res  in  was  then  purified  and 
dried  as  ofutllaed  ahore,    A  total  of  6.55  g.  of  resin  v/as  obtained, 
gitrlng  a  yield  of  4l!5.5^. 

ypl^ne  Occupied  hj  6,41      o£.  aesiat 

^   19.0  ffli. 

    22.2  aa. 

Coefficient  of  Swelling.   l.lf 


Polyiierlgation  at  23*^0. —  This  polymerization  was  carried  out 
t>y  alloiAag  th«  ■a»ttal  sdxture  of  raactants  to  •taad  at  constant  teaasperai- 
tur«  for  l/i-  day*.    After  this  period,  the  resulting  resin  was  purified 
and  dried  as  l)efcre.    The  yield  vas  7,70  g, ,  or  77.056  of  the  theoretical. 
Tolxaae  Ocouoied  ^jr  2j2.  &•  SL  ISSiSL' 

Dry  15.0  aO., 

Wet   17.0  sa. 

Coefficient  of  Svilliitf:.   1.13 

1^   JUml'iiott  Polraerizatlon 
A  slasple  eKolaion  system  was  used,  oonsistine  of  a  solution  of 
B^noner  in  water,  the  catalyst,  a  dispersion  medixim,  azid  an  emilsifyi- 

ias  agent,    fen  greias  of  benzene,  10  g.  of  tetraallyl  ammoniua  'bromide, 

a 

10  g.  of  water,  and  0.^  g.  of  Aquarex  D  were  mixed  in  a  200  nl. ,  three- 
neoked  flask  ecjuipped  with  a  meclianical  etirrer.    Stiryiag  was  liegiB  end 

the  mixture  hroui^t  to  a  constant  temperature  of  60*C.    fhen  0.17  £•  of 
catalyst  was  added  to  the  mixture,  and  the  reaction  continued  for  30 
hours.    The  emulsion  vras  cooled  and  saturated  with  sodiTun  chloride  to 
precipitate  the  polymer.    The  product  was  thorou^^y  washed  with  distilled 
water  aM  dried  ovemi^t  in  the  vacuum  desiccator.    A  rery  fine  powder 
was  o'btalned  in  low  yield  —  0,8  g, ,  or  8.05^  of  the  theoretical. 
VojLume  Occupied  Ty  0.8  ^.  of  Resin: 

Bry   l./fO  m. 

Wet   1.55  »1. 

Coefficient  of  Swelling.   1.11 

*Aa  coBlsi^ng  agent  produced  by  S,  I,  da  Font  de  Hemours  and  Company. 
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9a»pea8lon  PolCTwlsation  Uslxv;  Beazea* 

In  this  reaction,  the  saM  proportion*  of  «ionoa»r  (tetraSllyl 
aamonltm  ■bromidt) ,  vater ,  and  cat»ly«t  vfv  u»«d  as  in  the  Twlk  pelyaeri- 
zation  e:!g>erlaent«  on  the  preoediiig  page*,    ©lis  nixture  vas  placed 
In  ft  200  Bl. ,  three-neobsd  flask  vith  10  si.  of  iMinzene  and  stirred 
■eehaaically  at  a  constant  tenperftture  of  60*C.  for  12  hours.    At  the 
end  of  this  tine,  gelatloa  had  oecorred.    The  gel  was  hroken  and 
leajt^bed  vith  vater.    The  benmae  wm  rMMYed  1^  eraporation  prior  to 
vashiae  the  resin  and  drying  at  105®C.    A  total  of  3.80  g.  of  prodoc* 
vas  recovered,  representing  a  yield  of  38.0^. 

Tolwe  Ocmi-oied  by  3>8  g.  sL  ^P'^ft* 

Sxy  8.0  ad. 

V^t  M.O  al. 

Coefficient  of  Sv^jl,;Ljlf^.   5*1 

i«    Suspension  Polymerigatioa  TTsia|p;  i^thyl  Benzene 
This  polymerisation  systws  vas  e]!\plo7ed  at  tvo  teinperatures ,  70^ 
and  40^  C.    The  proportions  of  constituents  were  the  same  in  each  ease. 

Pfflyaerigation  ajt.  70^0.—  Ten  grams  of  tetrajtllyl  aamoaitoa  hroaide, 
5  g.  of  vater,  and  50  bI.  of  ethg^  benzene  vere  heated  to  70^  lAlle  stirring 
at  ft  unifozn  rate.    Ttie  stirring  rate  was  regulated  before  the  addition 
of  the  catalyst  so  that  the  monooer  was  broken  -ap  into  ssiall  globules, 
then  held  at  this  rate,  unlntem^ted,  throu^ut  the  reaction.  After 
the  selected  tenperature  was  rejtohed,  0.17  g.  of  catalyst  was  added,  and 


ths  react loa  eoatlaaed  for      honirs.    At  the  end  of  this  tlMS,  th« 
polymer  was  filtered ,  washed  with  acetone  and  water,  and  dried  -under 
▼acona,    Althoogji  eoae  irreeolar  particle*  of  resin  were  o'bt&lned,  a 
largo  proportion  of  the  polymer  was  in  the  form  of  pearls.    A  yield  of 
8.70  e. ,  or  87.0^,  was  obtained. 

Tolune  Occnxpied  hgr  8.70  R.  of  Resiai 

Dry  13.0 

Vet   23.0  lal. 

Coefficient  of  Swelliaa.   1.77 

PalMwrizfttloa  at  {^OfC.—  fhe  sea*  goaeral  procednre  was  nsed  &• 
described  in  the  preceding  systen.    The  mixture  was  stirred  taffwoly  and 
allewBft  to  react  at  ^®  for      hours.    The  resulting  polymer  was  washed 
with  acetone  and  water,  then  dried  under  vaenoai.    As  was  true  ia  the  ease 
■bore,  a  lasi*  proportloa  of  the  polymer  was  in  the  form  of  peaxlt.  A 
total  of  B,60g,  of  resin  was  recorered,  a  yield  of  86.0^. 

Toluae  Qqcupled  ^  8.60  g.  ^  Resia^t 

Dry   18.0  ml. 

Wet   27.5  al. 

Coefficient  of  Swelling.   1.53 


Seotloa  T 


4,   Q»ncral  OonglderatloM 

The  capacity  of  resins  to  exehaoge  anions  nay  T>«  dttenained  in 
a  rarietz  of  ways .  sine*  no  staadiod  nethod  of  0Taltiatio&  has  'beon  adopt- 
•d.    On«  of  tho  most  satisfactory  methods  izrrolres  the  titration  of  a 
knovn  quantity  of  the  hyirosyl  fom  of  the  resin  with  standard  acid. 
Shis  nethod  leads  to  results  that  show  graphically  a  close  resemhlane* 
to  titration  canres  of  the  strong  "base-strong  acid  type.    The  titration 
technique       used  in  this  vork.    The  unit  of  resin  selected  for  the  ti- 
tration may  he  the  dry  weight  of  the  halid^  fom,  the  settled  toIum  of 
the  vet  hydroxyl  fom,  or  the  tainped  ▼oltune  of  the  hydro agrl  fom  —  all 
gire  different  raluea  of  capacity.    The  unit  of  resin  chosen  for  this 
research  was  the  settled  Tolusie  of  the  wet  resin;  the  opacity  was  express- 
ed in  aillieqaiTalents  of  anion  exchanged  per  milliliter  of  wet  resiB. 
The  capacity  was  also  caqnited  in  Bdlliequiralents  of  anion  per  dry 
w«i|^t  of  uacowrerted  resin  (the  halida  fom) ,  since  this  unit  has  a 
closer  correlation  with  the  cost  of  the  resin. 

Stating  of  qpatetsaxy  attsMoniua  salts  leads  to  a  certain  aaount  of 
degradation  to  tertiary  amines.    This  degradation  can  occur  during  the 
course  of  the  polyMrlsation,  if  the  teciperatare  is  elerated.   tor  this 
reason,  sons  tertiary  aaine  exwq?*  are  often  present  in  the  polyner,  along 
with  the  quaternary  groups.    These  amine  groTq>s  are  capable  of  aaion  ex- 
change hut  at  a  jH  lower  than  that  of  the  quaternary  groups,  iathou^ 

in 


tMs  aadne  capacity  may  T>«  memxv9.      nwaas  of  th»  tachalqaa  usad  haraU , 
tMB  factor  wa«  neglactad,  slnca  comparatively  little  degradation  occur- 
red at  the  lov  temperaturee  used  and  the  resulting  eadne  edacity  v«« 
KMll.    Brideace  of  slight  thernal  degradation  nay  "be  ©"beerred  at  an 
irregolari^  in  titration  eurree  tliown  on  the  accoiqjaaylag  graphs. 

The  B»thod  of  detendning  anion  exchange  capacity  herein  it 
one  in  use  in  industrial  lahoratoriee.*  It  coneiete  of  titrating  a 
Beaaured  voluae  of  the  converted  resin  (hydroxyl  fora)  with  standard 
acid,  tising  a  pH  ueter  for  moasurenent  of  anion  concentration. 

for  the  titration,  the  resin  was  first  converted  fron  the  ori- 
g4,niti  fora  to  the  Iqrdroaarl  fom  "by  washing  with  noraal  sodtaa  Igdroxide. 
Biis  exchange  nay  he  illustrated  by  the  following  equationJ 

<l||^)l^  •«>  ft  laiOH   {Bi^)^  *  n  5aSr 

A»  Bay  he  seen  froa  this  equation,  a  aeaeure  of  the  progress  of  the  con- 
Ttrelon  mgr  he  obtained  by  testing  the  effluent  for  hroaide  ion  with 
silver  nttrmte.    This  test  was  perforasd  at  intervals  until  the  acidified 
affluent  showed  less  than  10  parts  per  aillioa  of  hroaide  ion.    The  value 
of  10  parte  per  allllon  was  selected  arhitrarily,  since  the  coneentratioa 
of  the  hroaide  ion  in  the  effluent  approaidied  sero  asymptotically  [see 
Section  ▼!]. 

Conversioft  was  aeecacplished  through  a  eoluan  (2  x  40  ca.)  with 
a  50-aeth  metal  screen  fixed  h  ea.  froa  the  hottoa.    An  overflow  tube 
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WM  piuia«ft  tgp  from  the  bottom  of  the  colum  in  an  elongated  "S«  eoxf 
so  that  the  exit  end  was  alvayv  ahove  the  top  of  the  resin  hed.  This 
overflov  tube  was  used  in  order  to  keep  the  liquid  level  ahore  the  resia 
at  all  times,  since  the  hgrdroagrl  font  of  the  resin  is  unstable  vbmi 
d77.^  Addition  of  the  sodiuB  hydro3d.de  was  carried  out  throvi^  a  one- 
liter  addition  f\umel  seoorely  stoppered  in  the  top  of  the  colusn. 

After  ooarersita  was  eoacplete,  as  eridenoAd  17  the  low  halogwoi 
content  of  the  effluent,  the  ires  in  was  washed  free  of  excess  sodi-cai 
hydroxide  by  passing  distilled  water  through  the  coltoti  toitil  the  efflumt 
no  longer  gore  a  color  change  with  phenolphthalein.    !Ehe  wet  resin  wat 
thea.  rttored  fres  the  eoluan  and  stored  under  water  \intil  iiaed. 

The  coarerted  resin  was  allowed  to  settle  until  no  furt^r  rol* 
uae  change  occurred,  and  a  standard  To3xaM  wm  then  reaored.    This  sam- 
ple was  plaesd  in  a  beaksr  eqiiipped  with  a  aechanioal  stirrer  and  pE 
neter  electrodes.   Potaasitsn  chloride  Boluti<m  of  a  known  concentration 
was  added  and  the  titration  begun.   The  resin  was  titrated  with  nonsal 
hydroflblorie  aeid,  added  in  inorenents  of  one  nilliliter  at  interrels 
ot  3  ffiisutes.    The  jH  was  read  Just  prior  to  each  addition  of  acid.  The 
reaction  in  the  resin  is  shom  belovt 

{$t^)M       n  SCI  (B{|^01\^  ^   n  KOI 

The  capacity  of  each  resin  was  coH5>uted  by  dividing  the  mmber  of  milli- 
aoles  of  acid  reiniired  to  give  the  titration  break  by  the  volune  of  resin 
used. 
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Zt  aey  "be  argued  that  the  time  interval  of  3  fflianite*  allowdl 
for  equili'britm  to      reaoh«d  during  the  titration  was  insufficient. 
Hovsrer,  the  conversion  fro»  the  i^drojiyl  form  of  t^ie  resin  to  the 
chloride  fom  under  these  conditions  was  found  to  occur  at  a  spe«& 
tunutlly  attriljuted  to  ionic  reactions.    Some  eridenoe  of  this  ^pe«d 
rmj  Tim  tovca&.  in  a  later  section  Lsee  Section  YI]. 

h  yffperineat4, 

KeasureiDent  of  tiie  pB  in  these  titrations  was  uade  'by  B»ans  of 
a  Beeksan  Model  E>2  |S  Meter,  using  the  Beckiaaa  '§^^990  glass  electrode 
and  the  Beekaan  '^ii^ffO  caloBiel  eleetroAi.    The  instraamt  wm  standard- 
ised against  a  tuffer  solution  Just  prior  to  e&<^  titration. 

She  hydrodilorlo  add  used  in  these  titrations  was  standardized 
a^nst  standard  sodiun  hydfexide  solution.    Approxiaatelj  one  nonul 
*eid  was  used.    A  O.if  9  potasslua  chloride  solution  was  prepared  Isgr 
neoorately  wel^^ilng  the  salt  and  making  up  the  solution  In  a  voluaetrie 
flask.    In  order  to  ad^t  the  initial  concentration  of  the  chloride  ion 
In  the  titration  oizture,  n  Maeured  voluae  of  this  stock  solution  was 
diluted  to  the  proper  to1«b».   An  initial  eoneentratien  of  0.01  K 
chloride  ion  was  used  in  all  titrations  except  the  m^erlntenta  in  which 
this  concentration  was  the  only  variable  [p.  ^^3], 

The  details  of  the  titrations  were  sia^ple.    Twenty- two  milli- 
liters of  the  wet  resin  was  placed  in  the  titration  banker,  equipped 
with  stirrer  and  electrodes.    The  potasslua  chloride  solution  was  then 
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add«d  and  th«  tiJM  of  addition  observed.    After  3  mlsatee ,  the  pH  WMI 
recorded  axoL  the  first  milliliter  of  acid  added  at  oace  froa  the  buret. 
A  second  3<i«dmxte  interval  was  alloved  to  pass,  sad  the  jfi  vaf  determia- 
ed  agaia.    Shis  routine  of  addition  end  measur^aent  of  pE  was  continued 
tuitil  the  titration  was  eontpleted.   fhe  results  of  the  ion  ezchen^ 
e^^ity  titrations  carried  out  in  this  Isrestigation  are  8ho%n  in 
Gn9ltf  S>XT. 

A  study  of  the  effect  of  the  initial  concentration  of  the  chloride 
Ion  on  the  capacity  of  the  resin  vas  carried  out.    Previous  work  of  thit 
sort  VMI  done  >y  Xonin  end  UcAaxr*!/^,^^   The  concentrations  chosen  for 
this  study  were  zero,  O.OOIH,  0.01  g,,  and  0.1  J.  All  factors  except  thie 
Initial  concentration  were  held  constant*    She  results  of  this  work  are 
shown  in  Oreph  T. 
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wm  ov  los  mauam  of  hssius 

fht  rat«  of  ion  exchai^  of  resins  is  of  eonsidazabls  is^ortsne* 
"both  induetrially  soSl  czperiaentally.    In  industrial  a2>pli  cat  ions ,  this 
x»t«  mast  t)*  kaown  in  ordsr  to  oalcnlate  the  time  of  contaet  necessary 
'betveen  solution  and  resin  to  give  mtiaqin  efficiency.  Bq^erijMiitalljr, 
soM  kaovledge  of  this  rate  is  is^ortant  in  the  deteieinatioa  of  the 
eacpaoitgr  of  resins  so  that  suffioient  time  siay  he  alloved  for  eq^xili- 
hrlxoB  to  he  readied  during  the  titrati^. 

Vith  these  {plications  in  nind,  an  attea^t  vas  siade  to  study 
the  kinetics  of  anion  exchange  of  a  typical  resin  produced  in  this 
research.    This  study  was  made  oa  the  replacement  of  hydrozyl  ions  hy 
i^oride  ions  in  a  standard  concentration  of  the  anion.    A  knova  TolwRe 
(22  lal.)  of  the  bydroayl  foza  of  the  resin  was  stirred  in  solution  with 
the  selected  concentration  of  chloride  ioa  and  hydrochloric  acid  for  a 
■■■•nred  interral  of  tine,  and  an  allqoot  portion  of  the  solution  titrat- 
ed for  excess  acid  vith  standard  sodiua  hydroxide.    A  separate  saisiple 
was  used  for  eadi  tine  interral.    It  was  fotsad  fron  this  study  that, 
within  the  linits  of  experinental  error,  no  difference  in  the  nunber 
of  hydroayl  ions  replaced  occurred  over  a  fairly  long  interral  of  time. 
BijoilihrluB  inast  hare  heen  reached  qjolte  rapiAlj, 
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Jdi  va*  seBtioned  "before.  It  vca  kaovn  that  the  eoBcentratioa 
of  lialide  loaf  In  the  effluent  from  the  col-um  l>eeaat  assn^totle  dturlive 
the  ooxrrereloa  of  the  resla  to  the  hydroaqrl  fonu   lor  thle  reeson, 
detenalnatiott  of  the  quantity  of  nonael  sodiuai  h^rflrozide  neeeseary  to 
reach  this  point  of  slow  change  In  exchaufie  of  lone  seeaed  latportant. 
A  study  vae  loade  of  the  relationship  Tjetwewi  the  roluae  of  effluwo* 
piMsed  and  the  concentration  of  hallde  Ion  In  the  effluent.    As  a 
eorollaxy  ta  this  ejgE>erlaent ,  the  referee  chaa^  (froa  hydroxyl  fom 
to  hallde  foim)  was  studied. 

A  eainple  of  resin  produced  f  roa  the  TmUc  poly»erl«*tloa  of 
tetreiuLlyl  saaioniua  hroadde  at  65*0.  was  used  for  this  Idnetlcs  study. 
The  resin  was  conrerted  to  the  hydroayl  form  "by  the  mettiod  descrilMid 
previously  and  washed  free  of  excess  hydroayl  ion.    Tharee  22  ml.  saii5>lei 
of  the  wet  resin  we:«  mixed  with  water  In  250  ml.  volujaetrlc  flasks  and 
the  solutions  adjusted  to  0.01  molar  in  KCl  and  0.20  molar  in  HCl.  These 
concentrations  were  selected  to  r«pr*s«it  the  ultimate  eonoentrationf 
found  in  the  titration  of  the  reelns.    The  laiztures  of  resin  and  solutlwa 
mre  stirred  mechanically  Ir  three  500  ml.  flasks.    Thb  reactions  were 
stopped  at  the  end  of  2  minutes,  3  hours,  aM  tiQ  hours,  respectively, 

rs5>ld  filtration  of  the  resla.    Aliqoots  were  withdrawn  froa  the 
filtrates ,  end  the  excess  aeld  present  was  titrated  with  standard  sodltni 
hyclroxlde,  using  phenolphthalela  as  the  indicator.    Based  upon  the  known 


nill^t  of  dry  "broald*  fans  of  the  rwia,  It  yarn  Imoim  that  2<^>  nilll- 
Mle»  of  qaater&axy  gsroopt  v»re  present  la  eadi  taaplt.   Tren  this 
laforwttiMi,  the  pereentag*  eonrersioa  of  uuOx  wattle  to  the  halide 
fom  ¥»•  calcttlated,  since  «3BCh  hydrogen  ion  which  had  "been  used  up 
i^areeented  one  hydroxyl  ion  released.    The  data  are  taholated  helov: 

toole  Honher        Tiae  Oonvergion.  i 

%  2  adn.  71.5 

i         3  tan.  n.o 

It  was  hellered  that  these  valuet  varied  only  within  the  liaiits  of  experi- 
mental error,  indicating  that  the  reaction  x^rohahly  reached  equllihrlwa 
la  two  Bimxtes  or  less. 

Tor  the  ezperlBStnt  oondxieted  to  detexadne  the  aaotint  of  hallde 
Ion  neeessary  for  praetioally  coa^lete  eonyersloa  of  the  resin,  the  sample 
of  tetrsallyl  amoaltoB  hroaide  polytserlzed  in  euspeaslon  with  ethyl  heiw 
zene  at  70*^.  was  used.    This  saacple  (8.7      1&  the  hroside  fona,  23  si. 
m\)  WAS  first  eoBverted  te  the  hydroayl  forn  hy  means  of  the  tumeX 
Method  in  the  ooltom  already  detcrlhed.    The  resia  forced  a  ooIuba  ahoui 
Ik  OM.  la  height,    ifter  washing,  the  resin  was  drained.,  hat  not  dried. 
PotasslTBtt  dxlorlde  solution  (l.OO  aonwl)  use  thm  allowed  to  flow  throng 
the  resia,  maintaining  a  eonstsnt  rate  of  13.5  d1*  per  xolnate.    A  total 
of  twenty  oonseeutive  8asie>les  of  the  effluent  were  collected ,  first 
sixteen,  of  25  &1.  each,  end  the  last  two,  of  100  ml.  roluioe.  Tea 
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alllllit«r  ellquotB  of  •aoh  saaple  ver«  titrated  la  daplleat*  for  frM 
hydrosgrl  loa,  ttslag  standard  hydroehlorle  aeld.   Metbyl  red  vas  -osad 
as  the  isdloator.    As  aay  be  o1»err«d  from  a  sttifiy  of  Ors^  VI ,  ooDPer> 
floa  proeeedsd  rery  rapidly  darlag  the  passage  of  the  first  150  ml.  of 
potassitoa  diloride  solutlea,  rea^ng  a  hydroxyl  ioa  coneentratioa  of 
0*0026  aoles  per  liter*   fhe  ooxnrerBlon  thereafter  vas  scoch  slover, 
tlnoe  the  last  sample  collected  (after  650  ibI.  had  passed)  showed  a  cosf- 
oentx«.tioa  of  approziaatel]r  0.001  moles  per  liter.    The  dotted  portion 
of  the  graph  represents  the  effect  of  the  dilntioa  of  the  first  effluent 
ligr  the  ssall  aaount  of  vater  \A\ieh.  did  not  drain  froa  the  reeia. 

The  eorrespoBding  eonrersloa  froa  the  diloride  fox&  to  the  Iqr- 
drezsrl  fova  of  the  resin  was  conducted,  using  the  saae  saagple,  slt)a^. 
Ooqplete  conrersioa  to  the  chloride  fon  was  assured  hj  washing  the 
resin  with  6  g,HCl,  and  thea  with  water.    After  all  free  chloride  loss 
had  heen  washed  out,  the  resin  was  air  dried,  using  an  aspirator.  To 
effect  the  conversion,  noraal  soditm  hardrozide  solution  was  passed  through 
the  resin  at  a  constant  rate  of  5*0  al.  per  minute.    Mghtesm  conseeo- 
tive  25  ml.  samples  of  th»  effluent  were  collected,  followed  'by  one 
•allele  of  125  «1. ,  two  of  100  ad.  eaoh,  one  of  225  ml. ,  and  the  final, 
25  »1.    A  total  volume  of  1025  inl.  of  effluent  w»t  collected  in  these 
twent7<.three  sauries.    Aliqnots  of  these  samples  were  acidified  with 
nitric  acid  and  analysed  grarlaetrlcaUy  for  the  chloride  ioa.    As  may 
"be  seen  from  Graph  71,  the  rate  of  exchange  was  not  so  rapid  as  that 
found  in  the  rererse  react  ioa.    Between  650  and  700  ml.  of  alkali  was 


m.  . 

BOOdssary  to  tvlae  ^  dilorld*  Ion  concentration  in  tho  effluent  to 
a  r«Monabl7  eonctant  Tslue.    She  eonoantratiOA  of  chloride  ioa  in  tilie 
effltwnt  after  650  lal.  had  passed  VSM  lAout  O.OO6  moles  per  liter. 
iilmx  1025  al*  had  passed,  the  eonoeutration  was  reduoed  to  ahoat 
0.00^^  laoles  per 
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mAwmm  of  hzsxss 

In  th«  aaia,  two  erit«Tla  v«re  uB«d  In  the  eralttatloA  of  Mm 
polj««»  prodno«d  la  thlt  XHiseareh:   fhe  relatlr*  aoluMlltj  of  th« 
product  (af  lsdioat«d  V  the  ootffleieat  of  svelllag)  aad  the  ioa  <»- 
ehazsfi*  eapaeltj  of  the  prodoot.    Vithla  a  liaited  range  of  Bolubilitz^ 
the  loa  exohaage  oapaeitgr  was  considered  the  zsore  iaportaat  measure  of 
ctoall^.   Eoveror,  it  was  realized  that  in  those  eases  in  \ibildh.  swell- 
IBS  v«fl  sisBlflMat,  the  dt^ejAij  was  affeeted,  since  the  namher  of 
■eles  of  aetlTe  exchange  groups  varied  for  a  giT«ii  ▼oluae  of  vet  resla. 
Yarthenaore,  extreme  svelllne  ot  the  resias  led  to  great  diffieultjr  la 
Baalpolatioa. 

The  svelling  tendencies  of  all  resias  prepared  are  listed  in 
Sable  17  [p.  40].    It  majr  he  se«i  from  this  tahle  that  reduetioa  la 
the  tesaperature  of  the  polyaerisatioa  gare  a  progressive  increase  ia 
the  aaouat  of  orossliaklag  [i.e.,  a  decrease  ia  svelling]  in  the  resins. 
Slightly  sore  cressliaking  vas  found  vith  the  resin  polTnerlsaA  ia  talk 
at  ^C.  than  vith  the  resia  produced  in  suspension  at  the  same  tenpera- 
tore,    fhe  emlsloa  polTmsrizatioa  gccre  the  resia  vith  the  hi^^t 
degree  of  croeslinklng,  having  a  coefficient  of  svelling  of  1.11.  Bovu 
ever,  the  yield  la  this  rea«%loa  vac  lov,  aad  the  extreaely  fine  particle 
else  nada  this  resin  is5>raotical.   The  suspension  polyaerlsatloa  la  hea- 
zene  led  to  a  resin  extremely  difflealt  to  malpalate,  since  its  svelling 
coefficient  vas  5.1. 
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Xtm  •zehaaagt  eapadlty  dctemlnatioss  were  oade  on  all  r*«laa 
•xoept  thot«  produetd  Iqr  mooIsIoa  polToerlzatioa  and  Buspexusioa  polyin«r- 
isatiOB  in  'benzene.    Th«  tvo  sastples  pol^pieriz«d  in  otliyl  'benzene  *u«« 
pimsion  shoved  the  highest  ion  exchange  oapaeity  per  unit  TolxuBe.  These 
•sjqples  woold  prolAhly  he  the  nost  usefal  ooBgnereiall/  vhere  the  voltoie 
of  the  resin  bed  is  lisdted      an  ii^ortant  fa«tor  in  soae  industrial 
applications.    On  the  other  hand,  the  polymers  shoving  the  highest  value* 
of  ion  ezohaae*  oapaeitj  per  unit  vei|jtit  (poly-triallyl,  ^-chloroallyl 
aaneaium  hromide  ana.  poly-tetraallyl  aitmonixm  hroaide  poljroeriz^  in 
Ixxlk  at  65^0. )  vonld  represent  less  eapensive  naterials. 

fvo  other  considerations  of  the  ([iiality  of  the  resins  nay  ht 
discussed  hers  I    naaaly,  the  hardness  of  the  resin  i)article  and  the 
tiaifondtjr  of  particle  size.    A  hard  resin  particle  is  desirahle,  since 
continued  washing  has  the  effect  of  povdering  mterial  which  is  too  soft, 
Ualfozm  particle  size  is  necessary  to  proaote  ease  of  handling  and  speed 
of  %rashlng.    Of  the  resins  produced  in  this  research,  the  ones  shoving 
the  hest  qualities  of  hardness  and  unifomity  of  size  of  particle  were 
the  two  saaples  polyaerised  in  suspension  with  ethyl  benzene. 

i.  cojg)ilation  of  the  properties  of  all  ion  exchange  resins 
studied  hereim  may  he  foond  in  Sa^le  XT. 


SMilioa  TIXX 
miQDS  or  MAX.ISI8 

All  tcrtlaqr  amines  were  analysed  for  nitrogen  lay  mean*  of  the 
I^eldafal  netbod,  using  neroixxle  oxide  for  the  e&talyst.    Carefully  vei^b^ 
•A  Maples  of  the  aoines  were  digested  In  a  inlxture  of  25  ibI*  of  oonoen« 
txated  sulfurle  aeid,  10  g.  of  potasslia  sulfate,  and  1.2  £.  of  merourie 
oxide*    Digestion  of  the  sample  was  carried  out  over  a  period  of  4->5 
hours  after  the  dlsappearaooe  of  color.    This  digestion  vas  began  at 
a  teoperature  veil  l>elov  boiling  until  the  seaiple  ehanged  froa  VLtmik  to 
dark  brotm  In  color  and  then  was  heated  vlgorovMly  until  digestion  was 
ooaplete.    fhe  saxsples  were  then  cooled  and  diluted  with  200  ml.  of  water. 
After  adding  100  ml.  of  ^Ojf  soditDR  hydroxide  (5S6  in  sodium  thiosulfate) , 
the  liberated  aasaonia  was  distilled  into  a  measored  voltOM  of  standard 
aeid.   The  exsess  acid  was  titrated  with  standard  soditoa  hydroxide, 
using  sethyl  red  as  the  indicator.    The  data  resulting  from  these 
analyses  may  be  fooad  la  Sable  XI  [p.  19]. 

Qoatemary  aasjiiuB  halides  were  analyzed  by  titration  of  the 
Iialide  ion  with  0.1  S  silrer  nitrate.    The  wei^ied  saiiple  of  the  g:aatemp- 
ary  was  dissolved  ia  water  and  missd  with  a  small  amsuat  of  d«xtrim  [to 
prevent  coagulation  of  the  silver  hallde].    Biehlorofluoreseeln  was  used 
as  the  indicator,  the  titrations  being  made  until  the  first  pink  color 
appeared  in  the  precipitated  silver  hallde.    Speed  in  wei^ilng  the 
quaternary  halides  was  important,  since  most  of  these  co>5>ounds  were 
hygroscopic.    The  results  of  the  analyses  are  listed  in  Table  III  [p.  28]. 
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A  fev  re«ln«  vere  ijsalyzed  for  nitrogen  ^  the  fjeldahl  method, 
«tttlla»d  on  the  preceding  p«ce,  in  order  to  prore  that  additloa  polyner- 
iaation  had  occurred  without  a  significant  omrant  of  deoonpoeitloa. 
!i!heee  analyses  are  tabulated  helov: 

/|--,  „„■■[  Tengperature         Nitrogen  ,^ 

 Co-)        S??:.,  <^r»i 

Poly-Tetraallyl  Amaonixm  Bronide  ^1  5*33 

l*ol7-Tetraal]yl  Asmonitn  Chlorid*  ^  6.55  6.48 

Poly.Tetrsiillyl  Asastoaitm  Bromide  i§  5.^  5*<l5 

Poll^-Tetraallyl  ADmonittm  Bromide  H  5.^  5.M 


All  of  the  eo^pcunde  used  in  this  sample  detemdnatiom  were 
produced  "b^  the  hoik  method  of  polyBBrisatica. 


Section  IZ 


DISCEfSSION  OT  BESOLTB 
Of  tli«  two  methods  «5)loy»4  herein  for  the  preparation  of  to*- 
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saturated  tertiary  aaines,  the  method  descrihed  "by  Wlllaon  and  Whesltr 
v&s  fooad  to  give  hi^r  yield*,  vdth  fewr  lqr-prodaet».    The  yieldt 
ohtained  "by  thi«  iJiethod,  with  a  f«w  exceptions,  were  alwve  60^.  All 
of  the  Qjoinee  prepared  \rere  colcrleas,  laoMle  liqfoidt  yitunx  freshly 
prepared  hat  soon  tamed  yellow  upon  etandiog. 

CoMiderable  difficalty  was  encountered  In  eoae  cases  in  crystal- 
lising tbi  quaternary  anDonium  halides  pr^iarcd  in  this  research.  Those 
cojrpounds  containine  a  3-chloroallyl  group  prored  the  loost  refractory. 
With  one  of  these  ooiQ>ouads,  allyl  .trefls  3-chloroallyl  BorphollaiTOi  hra»- 
ide,  sueeoss  was  realized  in  ohtaining  enou^  crystalline  naterial  to 
analyze;  however ,  all  efforts  to  produce  crystals  of  the  cia  isoxMr  of 
this  eoaipoand  failed.    Ho  character!  sat  ion  of  the  £i*  i^omx  was  made; 
its  identity  rested  only  upon  the  method  of  synthesis.    The  other  q?iatero^ 
ary  aiamonlna  compounds  were  white,  crystalline  solids,  hygroscopic  and 
with  rftther  hi^  melting  points. 

Since  none  of  the  unsaturated  cpzatemaries  having  only  two  allyl 
groups  or  suhstituted  allyl  groups  formed  insoluhle  polymers,  it  is  Relieved 
tliat  tliree  or  fowr  such  groups  are  necessary  to  produM  satisfactory  cross- 
linking.    Fx>offi  the  standpoint  of  fonetionalilgr,  this  im  unexpeoted  sinoe 
TOX5)ounds  with  a  functionality  of  four  [i.e. ,  with  two  donhle  honds] 
should  crosslink.   So  eagplanation  of  this  anoxoaly  can  l>e  offered. 
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As  had  been  es^eeted,  rednctlon  of  the  temperature  of  poljiaeri- 
tatiM  reeulted  In  «  noticeable  Inoreaie  la  orotflllaklxig  of  the  peljmer*, 
as  evidenced  by  the  decreased  tendency  to  svell  \/b»n  vet.   Bowerer,  this 
Increase  in  erosslinking,  with  its  oorrespondlog  increase  in  the  vei^t 
of  the  resin  per  nilliliter,  resulted  In  a  decrease  rather  than  an  increase 
in  ion  exBhaage  capacity.    An  esplanatioa  of  this  phsaoxaenoa  aay  be  found 
in  the  fact  th£t  the  Boleoules  of  the  pclTners  vith  acre  eztcRftslve  erost- 
linking  vere  too  closely  packed  to  pemit  free  sigration  of  the  anions 
vithin  the  resin  particles.   Ttm  adiraateges  of  low  temperature  polTMri- 
satioa  vere  x>ealized,  hovever,  vhen  the  ethyl  bensene  suspensloa  polyaer- 
isation  e:^riaents  vere  carried  out.    Zn  addltioa  to  eiTing  resists  of 
hi|^  capacity  than  vere  obtained  "by  bollc  polynerlsatlea,  this  netiiod 
fvoftuced  asich  more  unif oxa  particles ,  leading  to  greater  ease  in  naaipt^ 
latioa.    As  an  esplanatioa  of  the  higher  capacities  encountered  vlth  the 
euspensioB  polymrs,  it  is  suegMted  that  the  inert  aediton  aay  hare  left 
ainute  interstices  in  the  resin  particle,  offerlag  an  increased  area  of 
aigratioa  for  the  anions. 

Asalsioa  polymerisation,  uadtt  the  coalitions  used,  gare  a  low 
yield  of  Tery  fine  polyraerlc  material ,  unsatisfaotoiy  for  eaperlzoental 
stu^.    Suspeasloa  polymerlsatloa,  using  bensene,  gare  a  polymer  vith  a 
▼ery  lov  degree  of  crosslinMi^,  causing  svolUng  to  such  an  extent  that 
the  product  vas  iapossible  to  manipalate. 

the  introductioa  of  chlorine-substituted  grotps  in  the  BioBoaers 
vas  found  to  offer  no  iiprorement  on  the  qpiality  of  the  resins,  yurther- 
Bore.  purification  of  these  nonoaers  prored  dlfflealt  in  soae  eases. 
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fh»  ttafly  of  tlM  tffMt  of  nxyi^  th*  Initial  ooae«ntvatio&  of 
tlM  aotiva  la  th«  tltratioa  mlzturo  for  loa  •xofaange  eapftcltj  d*teznlaft- 
tloaa  i«a*  si^aif leant.   A  saall,  Imt  notioMCble*  InerMM  in  the  et^aelty 
of  the  resin  ocoarrad         the  Initial  concentration  vat  changed  froa 
aero  to  0.001      0.01      end  to  0.10        fhis  inoreaae  in  capael^  laight 
hfisre  "been  predleted  oa  the  haale  of  the  lav  of  raaee  aetioa.   la  addltloa, 
a  vide  variatloa  la  the  pH  ran^  of  the  reein  wa«  notieed.    In  vieir  of 
theee  facts.  It  seeggui  la^rtant  that^s  initial  oonoentratioa  he  speci- 
fied la  aagr  standard  mthod  of  detexnialng  loa  exchange  ea£>aolt7. 

VroB  the  etuOy  of  the  loa  exehaa^  rates  la  this  research.  It 
is  helieved  that  this  exchaaee  oeoors  at  a  speed  usually  attrllnxted  to 
loale  react ioas.    The  titxatloiui  of  the  hydroagrl  fora  of  the  resiaa  vith 
a  ttroae  aiaeral  acid  shov  graphically  a  great  siallart^  to  tTpieal 
strong  hase-stroag  acid  titrations. 

Of  the  resins  inrestlgated  la  this  research,  the  one  showing  the 
hig^st  capacity  and  heet  physical  oonditloa  was  the  ethyl  heaiene  suspea- 
sloa  polyswr  of  tetraallyl  aBBaoaltuD  hroaide,  po3yiaerlsed  at  40°C.  This 
resin  e^diibited  a  capacity  of  0.773  mlHiequlTalents  of  aaloa  per  ailll- 
liter  of  vet  resia.    This  tsItls  is  alaost  tviee  as  hig^  as  that  previously 
ohtalned  froa  poly-tetraallyl  asimoalxuB  hroalde.    It  is  heli erred  that  thia 
valae  cootpares  quite  fserorahly  vith  the  capacities  of  aaloa  ezehang*  res- 
ins nov  arailahle. 
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Six  nev  halogenated,  -oasaturatsd  quaternaxy  affimoaltOB  halidet 
if»r«  pr«paT«d.  T1t«  of  the»«  n»v  conpouads  were  eha3raeteriz«d.  Xhe 
identlfj  of  th«  sixth  coajpotrnd  was  assumed  oa  the  batit  of  the  means 
of  preparation,  sinee  parifieation  was  not  effected. 

ITi&e  nev  halogeaated,  toMaturated  teartiary  sadLaes  vere  prepared 
as  intermediates.    All  of  these  ooqpouads  vere  (Characterized  «sd  physi- 
cal constants  deteroiaed.   n^t  of  these  azdaes  vere  prepared  1>7  the 
reactloa  of  the  appropriate  secondary  etztine  with  the  slkyl  halide  la 
the  presence  of  aqueous  sodlttm  hicarhon&te.    fhe  reaaiaiag  coapooad 
¥U  prepared  hy  the  reaotioa  of  the  alkyl  halide  with  aq^oos  aaBoaitoi 
hydroxide. 

fhe  aasaturated  <iaateraaxy  aBBoaixos  halides  vere  poljrBerised  hy 
aeaaa  of  tertiary  "batfl  l^firoperoadde.    Those  coa^toias  oontaiaiag  two 
or  three  double  honds  gave  rise  to  thenioplastic  polyioers,  hat  those 
eoatalaiaff  fevr  double  bonds  f omed  theraosettiae  polyaers.   fhe  thez«>« 
setting  polyaers  were  found  to  be  suitable  for  ioa  exchange. 

A  study  of  the  effect  of  the  tesperature  of  polyaerisatioa  oa 
the  iea  exohaage  capacity  of  the  resia  was  aade,  using  tetraallyl  aasoa- 
IxBB  brcndde.    The  reduetioa  ia  tw^erature  gare  aa  increase  in  cross- 
linking  but  a  decrease  ia  loa  exdisnge  ampacity. 
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JOL  Imresti^tion  of  the  effect  of  the  method  of  pol^TB^rlzatioa 
oa  the  qoalitz  of  tit*  reelA  vaa  eondxioted,  using  tetraaUy^  anoBloa 
broaide.    Bgnlsloa  poljrBeriz&tlon  and  sruspexuiloa  polynerlzatloa  la 
'beixsene  s«f  tmeatlefactoxy  reaultt.    Soapensloa  poljrnerisatloa  la  ethgrl 
iMUUMM  spradooed  reeiiui  of  higji  loa  exehaage  ett^saeity  and  of  good  pbjrsl- 
cal  propertiee.    The  resins  so  prodaeed  shoved  capacities  sooh  hi^iev 
thaa  those  previaraslj  o'btaiai^  "by  use  of  the  seae  aonooer. 

A  kinetics  stufijr  of  the  anloa  exeib&a&i  properties  eoMhited  ligr 
oae  of  these  resins  indicated  that  the  rate  of  ezehanse  vas  oosiEfpaarable 
to  that  usually  attrllnited  to  loalo  reactions. 

fhls  research  has  led  to  anloa  exchange  resins  that  cos^i;>are 
favorably  in  pR  range  aad  enq^Mtoity  vlth  those  aov  availalile. 
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